Abstract. Suminto, Chilmawati D. 2019 . Coexistence effect of rotifer, Brachionus rotundiformis and copepod, Oithona similis in culture media on growth performance and eggs production. Biodiversitas 20: 2396Biodiversitas 20: -2402. The effect of Brachionus rotundiformis, and Oithonasimilis coexistence in culture media on the growth performance and egg production were examined and it aims to know the best coexistence percentage which provides the highest growth performance and egg production of O. similis and B. rotundiformis. Experiment method was carried out in this research by using a completely randomized design (CRD) with 5 treatments and 4 replications. The treatments were percentage through mix culture ratio of O.similis. and B. rotundiformis whereas those treatments were with ratio of 100% and 0% (A); 90% and 10% (B); 80% and 20% (C); 70% and 30% (D); and 60% and 40% (E), respectively. The results showed that, B. rotundiformis had a significant effect (p <0.05) on final density, population growth rate and eggs production of Oithona sp.; coexistence of 60% Oithona sp. and 40% B. rotundiformis provides the best final density for Oithona sp. 
INTRODUCTION
Copepoda is one of the potential natural feeds which can be given to the larvae of shrimp and marine fish to increase their growth and survivability (Molejon and Alvarez-lajonchere 2003; Broach 2017) . Aliah et al. (2010) stated that there are abundant copepods natural feeds found in nearly all Indonesian waters, including Oithona sp. Moreover, marine fish larvae in their nature usually consume nauplii copepods as their main natural feed (Ma et al. 2013 ). Referring to Drillet et al. (2006) , the success factors of copepod utilization as natural feed is the higher quality of nutrition than other zooplankton. According to Nordgreen et al. (2013) , the nutritional quality of rotifer can not supply nutritional requirements of marine fish larvae. Chilmawati and Suminto (2016) stated that Oithona sp. can be used as feed auctions between rotifer and Artemia, or as a substitute for Artemia in the strategy of feeding whiteleg shrimp larvae (Litopenaeus vannamei). Suminto and Chilmawati (2018) , reported that there was an increase in growth and egg production of Oithona sp., which is cultured semi-intensively using live food of microalgae cells enriched with fermented organic feed. However, it has not been used as live food in the hatchery of marine fish and shrimp until now.
Contamination with other zooplankton such as rotifer, Brachionus sp. and protozoa, Euplotes sp. frequently occur in a semi-mass culture of Oithona sp. copepod in some Indonesian marine fish hatcheries (interview with Marine Cultivation Development Center of Lampung (BBPBL) Indonesia 2018). Oithona sp. and Brachionus sp. are mostly used as an interval live feed although there is often any sudden death and population decline in semi-mass or mass culture. This occurs possibly due to the presence of contaminants or coexistence of other zooplankton, which negatively affect Oithona sp. culture. It is because Brachionus sp. can grow and reproduce in high density culture (Srivastava et al, 2006) . Based on some studies concerning in semi-mass culture, there is still coexistence ranging from 5-20% Brachionus rotundiformis found in Oithona sp. culture media.
Brachionus sp. is used as natural food in the hatchery in the form of biocapsule feed for various types of marine larvae (Shields 1999) . B. rotundiformis is a type of Rotifera and is the main natural feed for marine fish larvae (Watanabe et al. 1983; Lubzens 1987; Shields 2005) . As a natural feed, B. rotundiformis has many advantages due to its nature and characteristics with relatively small size, weak swimming ability, high density cultivated, high reproductive rate, and high nutritional value (Hirayama and Satuito 1991; Snell 1991; Tamaru et al. 1991) . Oithona sp. copepod has a higher total content of HUFA (Highly Unsaturated Fatty Acid) from EPA (Eicosapentaenoic Acid, 20: 5n-3) and DHA (Docosahexaenoic Acid, 22: 6n-3) which is higher than B. rotundiformis does, although the EPA content of Oithona sp and B. rotundiformis is almost the same, i.e. 9.25% and 8.9% respectively, the DHA content of Oithona sp. is much greater than B. rotundiformis, i.e. 24.41%, and 12.1% respectively (Toledo et al 1999; Hamre 2016) . The high value of DHA and EPA will eventually result in growth and survival improvement as well as reduce the occurrence of abnormalities in fish larvae (Meeren et al. 2008) . Moreover, copepod, Oithona sp. is also known to contain immunostimulant substances, attractants, some important digestive enzymes (amylase, protease, exonuclease and esterase), vitamins (C and E), protein, carbohydrates and lipid (Van der Meeren 2003) .
Artemia and rotifer are widely used for shrimp and marine fish larvae. Nevertheless, inherently insufficient for the nutritional needs of essential fatty acids such as 20: 5n-3 and 22: 6n-3 (Stottrup et al. 1998 ). According to Melianawati et al. (2015) , the combination of copepod and rotifer diets is able to increase digestive enzyme activity for grouper larvae rather than just copepods or rotifers alone.
Thus, it is necessary to conduct a study to determine the effect of B. rotundiformis coexistence in culture media on the growth performance of Oithona sp. The purpose of this study is to examine the effect of B. Rotundiformis coexistence on the growth performance of Oithona sp.copepods and to determine the percentage of B. rotundiformis coexistence which can provide the highest performance growth and egg production of Oithona sp. and B. rotundiformis.
MATERIALS AND METHODS

Study area
This study was conducted at the Coastal Area Development Laboratory (LPWP) of Faculty of Fisheries and Marine Science, Diponegoro University, Jepara, Central Java, Indonesia.
Procedures
Microalgae culture
The cell of Chaetoceros calcitrans and Isochrysis galbana were obtained from a pure culture of Live Feed Laboratory, Brackish Water Cultivation Development Center (BBPBAP) in Jepara. Microalgae culture was carried out in a sterile 3 L volume Erlenmeyer containing 2 L sterile sea water. The sea water used as the culture was sterilized by adding 30 ppm dose liquid chlorine solution and incubated for 24 hours. Then, 15 ppm sodium thiosulfate was added and after that aeration was done for 24 hours until there was no chlorine odor. Modified Walne media was used for C. calcitrans and I. galbana cultures. This Walne media Modification consisted of nutrient solution, i.e. 20 gram NaH2PO4.2H2O, 100 gram NaNO3, 45 gram Na2.EDTA, 0.36 gram MnCl2.4H2O, 1.3 gram FeCl3.6H2O, and 33.6 gram H3BO3, of which were dissolved in 1000 mL of distilled water as media stock 1; trace metal solution is 2.1 gram ZnCl2, 2.0 gram CoCl2.6H2O, 0.9 gram CuSO4.4H2O, and 2.0 gram (NH4)8.Mo7O24.4H2O, all were dissolved in 100 mL of distilled water as a media stock 2; Vitamin solution obtained from 10 mg vitamin B12, 10 mg Thiamin, 200 µg Biotin, all were dissolved in 100 ml of aquadest as a media stock 3. The culture medium used was 1 mL from each stock medium 1, 2, and 3 and then sterile seawater was added to 1L of media water. Especially for diatom cell cultures, 80 ppm of C. calcitrans is added to natrium silicate solution since its growth requires silicates in its culture media (Pal et al. 2013) .
Microalgae cell cultures were prepared at 28‰ salinity, 26-28˚C temperature, 7.5-8.0 pH, 24 hours irradiation with 1800-2000 lux light intensity and adequate aeration (Suminto and Hirayama 1997; Chilmawati and Suminto 2016) . The initial spread of algae cell culture in Erlenmeyer Flask was 10,000 cells/mL. Algae cells harvesting as Oithona sp. and Brachionus rotundiformis's feed was carried out at the exponential phase since it contains high nutrients (Chilmawati and Suminto 2010; Creswell 2010) . Before algae cells were used as feed, microalgae cells (cells/mL) in the culture, they were calculated with a haemocytometer (Improved Neubauer with 0.0025 mm 3 volume) under a microscope (Olympus BX41) with 40x magnification.
Oithona sp. and Brachionus rotundiformis culture
The stock of Oithona sp. seeds was obtained from Marine Cultivation Development Center of Lampung (BBPBL), while B. rotundiformis seed stock was obtained from Brackishwater Cultivation Development Center of Jepara (BBPBAP). Some of the Oithona sp. specimens have been analyzed with biomolecular properties to determine the species, and their names are included in the species Oithona similis (Chilmawati et al. 2019) . It has been found that more than 99 % of the genetics are similar to the Oithona similis species. Furthermore, naming the Oithona species in this study will use the species name Oithona similis.
The culture used a 50 ml vial glass bottle filled with 20 ml of sterile sea water. Then, the bottle is covered with one hole on the upper side. O. similis and B. rotundiformis biota which are used as the initial spreading was in adult stadia. Based on the size of adult O. similis 466 µm (NERC 2016) and adult B. rotundiformis 180-230 µm (Anitha and George 2006) , and the ratio of the initial density used was 1 ind./mL of O. similis and 2 ind./mL of B. rotundiformis. The indoor culture was carried out at 28°C and 28‰ salinity without aeration.
The method of feeding used ad libitum, i.e. microalgae cells were fed with the same total biomass calculated based on the dry weight ratio of each microalgae cell (Lee et al. 2006) . The dry weight of algae cells for C. calcitrans is 11.3 pg/cell (Lavens and Sorgeloos 1996) , and 25 pg/cell for I. galbana algae cells (Lee et al. 2006) . The dry weight is used as the basis for calculating the number of cells used for the feeding management of both O. similis and B. Rotundiformis biota in each treatment. The formula to calculate the number of microalgae cells in each treatment with the basis of the same total biomass is based on the dry weight of each microalgae, 0.01 mg for 1 individual of O. similis per day. The formula model for calculating the number of microalgae (Lee et al. 2006 ) is the Number of microalgae (cells) = A/B, where A is the weight of feed (mg) and B is the dry weight of microalgae (mg).
The calculation results of the number of microalgae needed for O. similis feed is 8.85x10
5 cell/copepod/day for C. calcitrans and 4.00x10 5 cell/copepod/day for I. galbana.
Experimental design
This study used an experimental method carried out in the laboratory. The research design was a completely randomized design (CRD) with 5 treatments and 4 replications. Moreover, these treatments were mixed cultures: (i) 
Data analysis
Data collection included the growth performance of O. similis which was observed through the results of the total individuals of O. similis (nauplii, copepodite and adult stadia), the density of females laying eggs and rate of population growth. On the other hand, the total density of B. rotundiformis consisted of density in the adult stage and the number of females laying eggs. The observation was conducted using a microscope (Olympus CKY41) with 40x magnification, magnifying glass, Petri disk, and dropper pipette under adequate lighting. Population growth rate (r) was calculated using the initial and final total density data for each treatment. The population growth rate (r) was calculated by the formula used by Cheng et al. (2011) as follows: r = (ln Nt-ln N0) /t. Where t is the last day of observation, N0 and Nt are the initial and final density of O. similis (ind./day). Egg production calculation used the formula proposed by Zamora-Terol et al. (2014) , i.e. Egg Production = (Σ s x e) / (Σ n). Where s is the egg bag, e is the average number of eggs per bag (egg) and n is the number of female laying eggs. The data obtained were then analyzed by variance test (ANOVA) with a 95% significance level and the median value test was Least Significant Different (LSD) using SPSS 16 (Ghozali 2006) .
RESULT AND DISCUSSION
Results
The final density of O. similis and B. Rotundiformiscoexistence in the culture on treatment day 20th can be seen in Figure 1 . The final density of O. similis reflects the number of O. similis individuals in nauplii, copepodite, adult copepods and females laying eggs stadia per milliliter of culture media. In contrast, B. rotundiformis is described by the total number of young, mature and female laying eggs stadia. (Figure 2 ), copepodite (Figure 3 ), adult copepods (Figure 4 ) and females laying eggs ( Figure  5 ), shows fluctuative growth. The average density of O. similis at a nauplii stadium in all treatments shows an increase on the 12th day and continues to increase except in treatments A and D. Treatment E shows a higher number of naupli and continues to increase until the end of the observation. The highest average density of O. similis at copepodite stage is shown in treatment E on day 16th. On the day 20th, the average density of copepodite decreases except in treatment D which seems to keep increasing. The highest density of adult stadium Oithona sp.can be seen in treatment A on day 16 th and it decreases on day 20 th . The average density of adult stages in other treatments shows similar results. The average number of females laying eggs continues to increase in all treatments except in treatment E. In addition, the increase in the number of females laying eggs continues to increase until the 12 th day. The number of females laying eggs in Treatment A still increases slightly until the 16 th day. 
similis dan Brachionus rotundiformis
The average value of copepod egg production of O. similis and B. rotundiformis is described in Figure 9 . The coexistence of B. rotundiformis in O. similis copepod culture significantly affects the egg production of both B. rotundiformis and Oithona sp. Treatment E shows the highest average value of O. similis egg production and it is followed by treatment D, C, B and A. Besides, the Smallest Significant Difference test (LSD) shows that there is a significant difference (p<0.05) among the treatments, except for treatment C and D.
The average density of adult and female B. rotundiformis laying eggs can be seen in Figure 6 and Based on the results of the Least Significant Different (LSD) on the population growth rate of O. similis, it shows that treatment E is significantly different (p <0.05) with treatment D, C, B, and A. Treatment D is not significantly different from treatment C but is significantly different from treatment B and A. Moreover, treatment C is also significantly different from treatment B and A, while treatment B is not significantly different from treatment A.
The results of LSD analysis on the population growth rate of B. rotundiformis shows that treatment E is significantly different from treatment D, C, B, and A. Treatment D is not significantly different from C but is significantly different from treatment B and A. Similarly to treatment C, treatment B is also significantly different from treatment A.
Discussion
Based on the results of this study, it shows that the coexistence of B. rotundiformis in copepod culture media of O. similis gives a significant influence (p<0.05) on the final density, rate of population growth and egg production of both O. similis and B. rotundiformis.
Treatment E consisting of 60% O. similis and 40% B. rotundiformis mixed culture provides the best final density for both O. similis (27.40±0.34 ind./mL) and B. rotundiformis (30.23±0.21 ind../mL). The best population growth rate is also obtained in treatment E, for both O. similis (0.29±0.02ind./day) and B. rotundiformis (0.36±0.03 ind./day). The highest egg production value is shown in treatment E, O. similis (18.83±0.76 eggs/ind) and B. rotundiformis (3.30±0.24 eggs/ind). This is presumably due to the feed available in the culture with such ratio according to the needs of O. similis and B. rotundiformis and this eventually results in optimal utilization of feed for both growth and egg production. The types of cell or microalgae used as feed in this study are C. calcitrans and I. galbana which are the best mixtures for copepod feed since both are rich in essential fatty acid content that can affect the high survivability and growth (Puello-Cruz et al. 2009 ) According to Jeyarad and Santhanam (2013) , I. galbana is advantageous for being rich in HUFA especially DHA that will provide a good growth effect for nauplii and early copepodite stadia.
Furthermore, the feces of B. rotundiformis are presumably able to be used as additional feed for O. similis Thus; it can increase the growth and the population growth rate of O. similis. This strengthens Jung's result (2012) stating that marine copepods generally use bacteria and rotifer feces as natural feed at the initial nauplii stadium. Consequently, the presence of B. rotundiformis is beneficial for O. similis naupli.
Jung (2012) stated that copepods use their feeding mechanism by filtering the feed and the rotifer is simultaneously slowly filtered along with the food. However, the rotifer is immediately spat out again. The spewed rotifer seems to be injured or has physical damage. This physical damage caused by copepods will lead to a decrease in the growth of rotifer density. The other factor causing rotifers not to grow is due to its smaller size characteristics than copepods, namely 180-220 µm (Rusdi 1997) .
The increase of B. rotundiformis percentage in O. similis culture media results in increasing production results indicated by the final density of both O. similis and B. rotundiformis rotifer (Figure 1. ). This result shows that there is a mutually beneficial relationship (mutualism symbiosis) between O. similis copepod and B. rotundiformis rotifer. This study consequently agrees with the results of previous studies stating that many contaminant microorganisms affect the population growth of rotifer through interactions, such as exploitative competition for food, commensalism, amensalism and physical disruption competition (Hagiwara et al. 1995; Jung et al. 1997 ).
The population growth rate of O. similis also tends to increase along with the increasing percentage of B. rotundiformis coexistence (Figure 8) . Treatment E shows the best the population growth rate of O. similis copepod and B. rotundiformis rotifer. This population growth rate is probably influenced by the feed given. This includes the type of algae, the amount of feed, algae size and the content of algae such as PUFA and phosphate (Cheng et al. 2011) . The process of maturity and production of O. similis naupli can occur when the microalgae content meets the nutritional needs to grow and develop.
In addition, the quantity and quality of the feed also significantly affect egg production (Drillet et al. 2011; Noyon and Froneman, 2013; Rajthilak et al. 2014) . The nutrient components produced from phytoplankton, C. calcitrans and I. galbana, including n-3 HUFA especially EPA and DHA, are such important factors for egg fecundity and development (Lee et al. 2006) . Noyon and Froneman (2013) also suggested that the other factors influencing egg production besides feed are physical parameters (temperature, salinity) and seston composition, i.e., chlorophyll a, protein, carbohydrates, and lipid concentrations such as fatty acid composition. Moreover, it is stated that temperature plays an important role in metabolic rate as well as in the rate of egg production. The temperature will affect the female size. Therefore, it will also affect egg production (Hansen et al. 2009 ). Uchima (1979) has proven that under optimum conditions, it will produce 16-54 eggs, while on previous research it only produced 12-24 eggs.
Both O. similis and B. rotundiformis are zooplankton to feed marine/shrimp fish larvae. In marine shrimp/fish larvae feeding strategy, the early development of larvae requires rotifers including B. rotundiformis, besides copepod, O. similis at naupli or copepodite stadia. After the size of the mouth opening increases, the role of O. similis at adult or female laying eggs stadia are highly needed more than rotifers because Copepoda has the content of with a lot of advantages including high essential fatty acids EPA, DHA and ARA which are required by fish larvae in the early stages of their development (Watanabe et al. 1983; Witt et al. 1984) . Copepoda was chosen due to its relatively short life cycle, around 14 days from egg to adult and it has a relatively small size around 60-220 µm which is fit with the mouth opening of fish larvae. In addition, copepods also have such zigzag short and interrupting sliding movement that attracts more attention than rotifer and artemia (Lavens and Sorgelos 1996) . This shows that coexistence of B. rotundiformis in O. similis culture gives a good influence on the growth performance and egg production of copepod as natural feed for shrimp and marine fish larvae. It needs to conduct further research on the application of mixed cultures of O. similis and B. rotundiformis in mass scale under optimal environmental conditions.
Coexistence of rotifer, B. rotundiformis, and O. similis in culture media significantly affects the final density, population growth rate, and egg production of O. similis copepod. Coexistence of 40% B. rotundiformis and 60% O. similis results in the best final density, population growth rate and egg production of O. similis and B. rotundiformis rotifer. Furthermore, the results should be disseminated to fish farming community so that they can apply this in the hatchery. Therefore, the needs of natural feed from zooplankton can support the production of shrimp and marine fish larvae.
